with labrador tea (Ledum groenlandicum), bog laurel (Kalmia spp.) and crowberry (Empetrum nigrum) 11 . Other cushion-forming species, such as asterid (Donatia fascicularis), oreob (Oreobolus obtusangulus) and astelia (Astelia pumila) dominate blanket bog in Patagonia 12 . A different asterid (Donatia novae-zelandiae) and a restionaceous sedge (Calorophus minor) are typical of blanket bog in New Zealand, whereas buttongrass (Gymnoschoenus sphaerocephalus) is representative for blanket bog in Tasmania 13 . Blanket bog is a waterlogged and unproductive environment, but a haven for wildlife nonetheless, providing shelter to birds, small mammals, amphibians and reptiles. Within this ecosystem, there is also a great diversity of microbial metabolic processes adapted to anoxia and low nutrients, including syntropic or homoacetogenic bacteria, and hydrogenotrophic methanogenic archaea 14 . Blanket bogs are sensitive to climate because their existence depends on a permanently high water table 7 and because the characteristic Sphagnum spp. rapidly suffer damage at temperatures greater than 15
• C (ref.
3). Bioclimatic models have been used to model the regional extent of different peatland types [15] [16] [17] , but to our knowledge no global model for blanket bog distribution was published before ref. 8 . Other models of wetland distribution based on the topographic index have been used recently to predict the global distribution of peatlands in general 14, 18 but do not distinguish blanket bog. PeatStash 8 is an extremely simple, yet process-oriented, model. It is not a statistical niche model. Instead it defines independent limit values for three bioclimatic variables, each representing a different controlling process. The blanket bog distribution map compiled in ref. 1 was used to calibrate the limit values for the climatic moisture index (MI; see Methods; MI > 2.1), mean annual temperature (MAT > −1
• C) and mean temperature of the warmest month (< 14.5
• C), resulting in the global distribution shown in Fig. 1 . These variables stand for year-round moisture (required to maintain the water table), absence of permafrost (avoiding cryoturbation and ice-wedge formation, which are responsible for quite different peatland morphologies in very cold climates) and avoidance of high temperatures (damaging to Sphagnum). When forced by a high-resolution climate data set, the model closely reproduces the distribution of blanket bog in Great Britain 8 , which is much more accurately known than the global distribution. Sensitivity analysis underlines the vulnerability of the blanket bog climate space to increases in temperature above all (Fig. 2) , but also to reductions in precipitation-in agreement with independent statistical modelling 17, 19 -and to a lesser extent to reductions in cloudiness. Note that the model describes controls on the occurrence of blanket bog; it does not make predictions about peat accumulation rates. These behave in a substantially different way, responding positively to warming and negatively to cloudiness. reject the occurrence of blanket bogs in these regions as there is very little published information on wetlands or peatlands of any sort. To analyse potential climate change impacts we used climate change scenarios for the past three decades of the twenty-first century derived from seven general circulation models, normalized so that all scenarios produced a warming of 2 K by mid-century 20 (see Methods). A consistent pattern across models involves shrinkage of the climate space for blanket bog (Figs 3 and 4a) with only small core areas persisting within each region. Some new areas potentially suitable for blanket bog appear, for example, at higher elevations in Norway, northern Labrador, higher elevations in Kamchatka, and the Chukotka peninsula and St Lawrence Island on the Bering Strait (Fig. 3) . Across all regions, however, there is better agreement among models on the prediction of shrinkage (a 50-59% decrease within the existing area) than expansion (9-39% additional area). The driver of this shrinkage is increasing temperature (Fig. 4b) , which acts both directly through warming summers and indirectly by lowering MI. Precipitation increases are the main driver of the modelled expansion to new areas, and climate model projections of precipitation are less consistent than temperature. These findings are in line with analyses suggesting an expansion of bogs and retreat of the tree-line in some northern oceanic regions 4 even as the suitability of the present distribution area for blanket bog is reduced. Shrinkage of the bioclimatic space for blanket bog in many areas does not necessarily entail rapid disappearance of the biome with consequent oxidation of the accumulated peat to atmospheric CO 2 . This kind of prediction is outside the capability of our model. Nevertheless, regions falling outside the envelope will be under stress from climate change and unlikely to continue growing and acting as carbon sinks 6 . The resilience of peat to environmental changes has been highlighted previously and rapid carbon losses may be avoidable especially if Sphagnum moss cover can be maintained 21 . Blanket bogs have survived climatic changes in the past through internal changes in microtope patterns and changes in vegetation assemblages. However, the biome cannot remain indefinitely in a relict state and it is likely that the cover of Sphagnum and other bryophytes will decline, leaving the affected regions vulnerable to peat erosion. This decline may be counterbalanced to an unknown extent by development of blanket bog in the limited areas at higher latitudes and/or elevations that become newly suitable for blanket bog to develop, a process requiring the replacement of existing vegetation and the initiation of peat growth in a new location.
Methods
The PeatStash model. The program STASH, originally used to estimate the present distribution of European trees 22 , was adapted to delimit the potential distribution of blanket bog 8 . STASH calculates several bioclimatic variables from long-term monthly means of temperature, precipitation and the fraction of possible sunshine hours (a measure inversely related to cloud cover). PeatStash calculates the mean temperature of the warmest month, MAT and a MI following the definition given by the United Nations Environment Programme 23 :
where P is the mean annual precipitation (mm) and PET is the mean annual potential evapotranspiration (mm). We substitute equilibrium evapotranspiration, calculated from monthly net radiation and temperature as ref. 24 for PET. This substitution is neutral from the modelling point of view because PET according to the Priestley-Taylor equation is proportional to the equilibrium evapotranspiration.
Climate data. We used a gridded long-term mean climatology (temperature, precipitation and fractional sunshine hours) for the period 1931-1960 (CLIMATE 2.2) as the baseline for our modelling experiments. Version 2.2 of CLIMATE includes more high-latitude station data and an improved estimation of the elevational gradients of climate variables 25 27 . The runs were processed by the QUEST GSI project (http://www.cru.uea.ac.uk/ ∼ timo/climgen/data/questgsi/) using ClimGen, a tool developed 28 to generate normalized climate change fields using pattern scaling 29 . The fields were normalized to yield a 2 K global mean temperature increase at 2050. The global average increase of land temperature for 2070-2099 relative to the baseline period was between 3.9 and 4.3 K (Table 1) , a much smaller range than the native predictions of the models because of their differing climate sensitivities to radiative forcing. The normalization effectively removes the effect of climate sensitivity so that the remaining differences between the models are in the simulated seasonal and spatial patterns of temperature and precipitation changes. The models used were CGCM3, the third-generation coupled global climate model from the Canadian Centre for Climate Modelling and Analysis (CCCma); the Commonwealth Scientific and Industrial Research Organisation (CSIRO) Mark III model (Australia); the IPSL (version IPSLCM4) model from the Institute Pierre Simon Laplace (France); the ECHAM5 model from the Max Plank
